Mechanistic origins of the substrate selectivity of serine proteases.
Serine proteases catalyze the hydrolysis of amide bonds of their protein and peptide substrates through a mechanism involving the intermediacy of an acyl-enzyme. While the rate constant for formation of this intermediate, k(2), shows a dramatic dependence on peptide chain length, the rate constant for the intermediate's hydrolysis is relatively insensitive to chain length. To probe the mechanistic origins of this phenomenon, we determined temperature dependencies and solvent isotope effects for the alpha-chymotrypsin-catalyzed hydrolysis of Suc-Phe-pNA (K(s) = 1 mM, k(2) = 0.04 s(-)(1), and k(3) = 11 s(-)(1)), Suc-Ala-Phe-pNA (K(s) = 4 mM, k(2) = 0.9 s(-)(1), and k(3) = 42 s(-)(1)), and Suc-Ala-Ala-Pro-Phe-pNA (K(s) = 0.1 mM, k(2) = 98 s(-)(1), and k(3) = 71 s(-)(1)). We found that while the van't Hoff plots for K(s) and the Eyring plots for k(3) are linear for all three reactions, the Eyring plots for k(2) are convex, indicating that the process governed by k(2) is complex, possibly involving a coupling between active site chemistry and protein conformational isomerization. This interpretation is strengthened by solvent isotope effects on k(2) that are largely temperature-independent. Furthermore, the dependence of k(2) on peptide length is manifested entirely in the enthalpy of activation, suggesting a mechanism of catalysis by distortion. Taken together, this analysis of acylation suggests that extended substrates which can engage in subsite interactions are able to efficiently trigger the coupling mechanism between chemistry and a conformational isomerization that distorts the substrate and thereby promotes nucleophilic attack.